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Abstract
Maintenance activities and pavement rehabilitation require the allocation of massive finances. Yet due to
budget shortfalls, stakeholders and decision-makers must prioritize projects in maintenance and
rehabilitation. This article addresses the prioritization of pavement maintenance alternatives by integrating the
fuzzy analytic hierarchy process (AHP) with the VIKOR method (which stands for ‘VlseKriterijumska
Optimizacija I Kompromisno Resenje,’ meaning multi-criteria optimization and compromise solution) for the
process of multi-criteria decision analysis (MCDA) by considering various pavement network indices. The
indices selected include the pavement condition index (PCI), traffic congestion, pavement width,
improvement and maintenance costs, and the time required to operate. In order to determine the weights of
the indices, the fuzzy AHP is used. Subsequently, the alternatives’ priorities are ranked according to the
indices weighted with the VIKOR model. The choice of these two independent methods was motivated by the
fact that integrating fuzzy AHP with the VIKOR model can assist decision makers with solving MCDA
problems. The case study was conducted on a pavement network within the same particular region in Tehran;
three main streets were chosen that have an empirically higher maintenance demand. The most significant
factors were evaluated and the project with the highest priority was selected for urgent maintenance. By
comparing the index values of the alternative priorities, Delavaran Blvd. was revealed to have higher priority
over the other streets in terms of maintenance and rehabilitation activities.
Keywords
Maintenance and rehabilitation prioritization, Fuzzy analysis hierarchy process, VIKOR model, Pavement
condition index, Multi-criteria decision analysis
Disciplines
Civil and Environmental Engineering | Transportation Engineering
Comments
This article is published as Babashamsi, Peyman, Amin Golzadfar, Nur Izzi Md Yusoff, Halil Ceylan, and Nor
Ghani Md Nor. "Integrated fuzzy analytic hierarchy process and VIKOR method in the prioritization of
pavement maintenance activities." International Journal of Pavement Research and Technology 9, no. 2
(2016): 112-120. doi: 10.1016/j.ijprt.2016.03.002. Posted with permission.
Creative Commons License
This work is licensed under a Creative Commons Attribution-No Derivative Works 4.0 License.
Authors
Peyman Babashamsi, Amin Golzadfar, Nur Izzi Md Yusoff, Halil Ceylan, and Nor Ghani Md Nor
This article is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/ccee_pubs/122
Integrated fuzzy analytic hierarchy process and VIKOR method
in the prioritization of pavement maintenance activities
Peyman Babashamsi a,⇑, Amin Golzadfar a, Nur Izzi Md Yusoﬀ a, Halil Ceylan b,
Nor Ghani Md Nor c
aDepartment of Civil & Structural Engineering, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia
bDepartment of Civil, Construction and Environmental Engineering, Iowa State University, Ames, IA 50011, USA
cDepartment of Economics and Management, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor, Malaysia
Received 25 June 2015; received in revised form 21 March 2016
Available online 26 March 2016
Abstract
Maintenance activities and pavement rehabilitation require the allocation of massive ﬁnances. Yet due to budget shortfalls, stakehold-
ers and decision-makers must prioritize projects in maintenance and rehabilitation. This article addresses the prioritization of pavement
maintenance alternatives by integrating the fuzzy analytic hierarchy process (AHP) with the VIKOR method (which stands for ‘VlseKri-
terijumska Optimizacija I Kompromisno Resenje,’ meaning multi-criteria optimization and compromise solution) for the process of
multi-criteria decision analysis (MCDA) by considering various pavement network indices. The indices selected include the pavement
condition index (PCI), traﬃc congestion, pavement width, improvement and maintenance costs, and the time required to operate. In
order to determine the weights of the indices, the fuzzy AHP is used. Subsequently, the alternatives’ priorities are ranked according
to the indices weighted with the VIKOR model. The choice of these two independent methods was motivated by the fact that integrating
fuzzy AHP with the VIKOR model can assist decision makers with solving MCDA problems. The case study was conducted on a pave-
ment network within the same particular region in Tehran; three main streets were chosen that have an empirically higher maintenance
demand. The most signiﬁcant factors were evaluated and the project with the highest priority was selected for urgent maintenance. By
comparing the index values of the alternative priorities, Delavaran Blvd. was revealed to have higher priority over the other streets in
terms of maintenance and rehabilitation activities.
 2016 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Maintenance and rehabilitation prioritization; Fuzzy analysis hierarchy process; VIKOR model; Pavement condition index; Multi-criteria
decision analysis
1. Introduction
Pavement management systems require concurrent con-
sideration of new road construction as well as pavement
network maintenance and rehabilitation during the
life-cycle of pavements. Several major maintenance and
rehabilitation projects are normally considered when
assessing pavement life-cycle [1]. Pavement managers can
evaluate options like applying surface layer covering or
adopting preventive strategies more conﬁdently if they
http://dx.doi.org/10.1016/j.ijprt.2016.03.002
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have the ability to foresee the general function of a pave-
ment’s life-cycle based on its future maintenance and
improvement programs. Beria et al. deﬁned multi-criteria
decision analysis (MCDA) as a tool for choosing between
various projects with a range of social, economic and envi-
ronmental impacts [2]. The method signiﬁcantly rests upon
the various evaluation criteria and stakeholders’ decisions.
For this reason, many authors recommend MCDA as the
most suitable tool to assist with the decision-making pro-
cess [3–5]. Hence, the multi-attribute decision-making tool
is considered the most suitable option for sustainable pave-
ment management. Major concerns with employing multi-
attribute decisions relate to multiple objectives, criteria lim-
itations and value weighting to evaluate various criteria.
In considering annual maintenance and rehabilitation
budget shortfalls, selecting projects with higher priority is
not only preferred but mandatory. This will ensure opti-
mized maintenance costs for any given pavement network
[6]. Recently, some scholars have asserted that assimilating
multi-criteria and cost-beneﬁt techniques may help attain
absolute sustainability [2,7,8]. Additionally, many
researchers have attempted to utilize various life-cycle opti-
mization methods and soft computing techniques, such as
genetic algorithms, fuzzy logic, neural networks and many
other diﬀerent systems to optimize pavement management
systems [9,10] and to model pavement damage [11,12].
The aim of this study is to contribute to the decision-
making process of urban managers and road authorities
while organizing maintenance projects. The aim is also to
work toward sustainable decisions that can prevent proba-
ble critical damage by practically prioritizing roads that
need maintenance and rehabilitation by using the fuzzy
analytical hierarchy process (AHP) integrated with the
VIKOR method. For this purpose, ﬁve indices are ﬁrst
weighted using AHP, after which fuzzy logic is employed
to convert human judgment into mathematical scales,
and ﬁnally the VIKOR model is used to classify the prior-
itization of the diﬀerent alternatives. The research case
study was conducted in District 4 of Tehran Municipality,
speciﬁcally on Hengam St., Farjam Ave. and Delavaran
Blvd. It should be noted that the indices (criteria) were
selected by considering various factors, such as traﬃc con-
gestion, pavement condition, construction history, type of
road, and pavement structure [13]. In this research, the pre-
sented alternatives are prioritized by weighting ﬁve indices
(criteria) according to pavement expert opinions. The eval-
uation process in this study includes the steps shown in
Fig. 1.
First, the important criteria are identiﬁed by experts.
After evaluating the criteria hierarchy by AHP, the weight
of each criterion is calculated based on the fuzzy sets the-
ory. Finally, the VIKOR model is used to obtain the ﬁnal
classiﬁcation results.
2. Priority criteria by analytical hierarchy process
Because pavement deterioration occurs non-linearly,
prioritization is a multi-decision making process [12]. The
analytical hierarchy process (AHP) is a simple decision-
making method for life-cycle optimization that prioritizes
and allocates a budget to be used in rail and infrastructure
construction [14,15] as well as for roads and pavements
[16,17].
According to Saaty and Vargas [18], AHP is a system-
atic method that is widely used for decision-making prob-
lems with numerous criteria and options. Saaty deﬁned
AHP as splitting a problem into smaller problems, ﬁnding
a solution for each problem, and ﬁnally collecting the solu-
tions to all the smaller problems in order to reach an
acceptable result [19]. The hierarchy consists of three levels
(purposes, criteria and options/alternatives). Saaty stated
that this method has an organized framework for prioritiz-
ing each hierarchy level using pair comparison. It provides
a methodology for synchronizing the numerical scale for
assessing quantitative as well as qualitative performance.
It entails decomposing a multi-decision into a hierarchy
with goals at each level and sublevel of the hierarchy.
Therefore, AHP can be considered both a descriptive and
prescriptive decision-making model. One of the main
advantages of AHP is group decision-making, i.e., collect-
ing the opinions of a group to present ideas and judgments
in order to carry out the pair comparisons.
In this section, the indices are explained in detail in
order to achieve more precise prioritization. These indices
include pavement condition index (PCI), pavement width,
traﬃc congestion, operation costs and operation time.
The AHP for the criteria in this research is depicted in
Fig. 2.
Among these criteria, only PCI needs to be explained.
There are two common methods for determining the riding
quality of pavement surfaces. Several researchers have used
the international roughness index (IRI) [20–23], while the
pavement condition index (PCI) has been presented in
some literature by other researchers [17,24–26]. PCI is
widely accepted as a suitable standard for airport, road
and parking lot pavements. This index has additional func-
tions for intercity roads and is a numerical scale with values
ranging from 0 (for an unusable pavement) to 100 (for an
intact and well-designed pavement) as shown in Fig. 3.
PCI is employed by decision makers to select maintenanceFig. 1. Evaluation process of the study.
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and improvement strategies. Therefore, all decisions and
policies are intended to maintain the PCI value above a
critical point. The critical PCI point is that after which
the pavement begins to deteriorate rapidly. The PCI index
is used in this study, where PCI of 100 is high, 55 is medium
and 0 is low [27,28].
Relative scale assessment is used to perform pair com-
parisons in order to determine the relative importance of
each criterion among the aforementioned criteria. Thus,
comparison is done three times to provide a clear expres-
sion of the results. Therefore, the obtained relative impor-
tance of the pair comparisons is accepted based on a
certain degree of inconsistency. To ﬁnd the relative weight
among the criteria, Saaty used a particular vector for the
pair comparison matrix that was created by scale relativity
[29]. The same approach is utilized in the present research.
AHP has the ability to precisely measure the diﬀerences
between the criteria of diﬀerent options and this approach
outperforms others. Thus, the AHP method is used in this
research to evaluate the quality criteria for pavement com-
ponents and Fuzzy is used to prioritize them from an
expert’s point of view.
3. Fuzzy sets theory
Every day people face a wide variety of issues that
require decision-making. The results of these decisions
are measurable based on the fuzzy state of human deci-
sions. The fuzzy sets theory was ﬁrst proposed by Professor
Zadeh in 1965. Afterward, Bellman and Zadeh described a
decision-making method in a fuzzy environment, which led
to a large number of studies on uncertainty conditions [30].
A fuzzy system is based on knowledge and rules [31]. The
system converts human knowledge into arithmetical form
with the help of linguistic variables, if–then rules and a
mapping system (fuzzy engine) [17]. The application of
the fuzzy theory has been described in various studies
[32–34]. The important theoretical aspect of fuzzy systems
is that they prepare a systematic process for converting a
knowledge resource into non-linear mapping [35].
3.1. Linguistic variables
It is very diﬃcult to oﬀer a well-justiﬁed deﬁnition that
expresses the complexity of common problems. Thus, lin-
guistic variables are useful for collecting opinions in many
cases. Linguistic variables can accept words from natural
language as their own values, which are then deﬁned by a
fuzzy set in the range suggested by the variables. A linguis-
tic variable diﬀers from a numerical variable in that its
value is shown as phrases and expressions rather than num-
bers. An example of a linguistic variable is the prioritiza-
tion of a network’s pavement components and the
possible values for this variable include ﬁve points on the
Fig. 2. Analytic hierarchy process of this study.
Fig. 3. Numerical representation of PCI and pavement quality condition.
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Likert scale: very eﬀective, eﬀective, average, low eﬀect and
ineﬀective. Each linguistic variable can have a (TFN) lA =
[L, U] on a scale of 0–100 and the valuators refer to the
function level of each criterion only by responding to a lin-
guistic variable. Each variable introduces a TFN (i.e., the
triangular membership function) as shown in Fig. 4. The
triangular membership function in this study is considered
as ﬁve options ranging from ineﬀective to very eﬀective.
Linguistic variables are in fact an expansion of numeri-
cal variables. It should be mentioned that various member-
ship functions can be used to depict linguistic variables.
Ordinarily, there are two methods for clarifying a member-
ship function. First is expert knowledge, which means that
experts are asked to model a suitable function in their own
professional ﬁeld, and second is using collected data to
deﬁne a membership function [12].
3.2. General evaluation of fuzzy interval numbers
Fuzzy numbers are subsets of real numbers, and they
symbolize the extent of the conﬁdence interval concept.
According to the deﬁnition suggested by Dubois and
Prade, these numbers require three features to be called
fuzzy [36]. The features are related to the calculation of tri-
angular fuzzy numbers (TFNs). This study includes the
fuzzy decision-making theory, which considers possible
fuzzy judgments with valuators in relation to pavement
component prioritization.
An evaluator always comprehends the weight of a hier-
archy subjectively. Therefore, in order to consider uncer-
tainty, i.e., the interactive eﬀects of other criteria when
computing the weight of a speciﬁed criterion, the fuzzy
weights of criteria are used.
The general evaluation of fuzzy judgment is deﬁned as
considering all experts’ opinions on any of the criteria con-
currently (see Eq. (1)). Obviously, the ideas and opinions of
experts may diﬀer and each parameter is a fuzzy number
that can be presented with a triangular membership func-
tion. Sayadi et al. [25] stated that in determining lower
and higher (ultimate) points of a fuzzy triangle it is possible
to use fuzzy judgment, which comprises Eqs. (2) and (3):
Eij ¼ ½LEij;UEij ð1Þ
LEij ¼
Xm
k¼1
LEkij
 !,
m ð2Þ
UEij ¼
Xm
k¼1
UEkij
 !,
m ð3Þ
where L and U are the lower and ultimate points, respec-
tively, and LEij and UEij are the interval points of the gen-
eral performance valuation of i pavement alternatives
under j criteria for m number of experts. Subsequently,
the decision matrix is built based on the interval numbers
with the following design, where A1, A2, ..., Ai are possible
alternatives among which decision makers must choose;
C1, C2, . . ., Cj are criteria used to measure the alternatives’
performance; and w1, w2, . . ., wj are the weights of each
criterion.
 C1 C2 … Cj 
A1 [LE11, UE11] [LE12, UE11] … [LE1j, UE1j] 
A2 [LE21, UE21] [LE22, UE11] … [LE2j, UE2j] 
… … … … … 
Ai [LEi1, UEi1] [LEi2, UEi2] … [LEij, UEij] 
W= [w1, w2, …, wj] 
4. VIKOR technique
In 1998, Opricovic developed the VIKOR method,
which stands for ‘VlseKriterijumska Optimizacija I Kom-
promisno Resenje,’ meaning multi-criteria optimization
and compromise solution [37]. Wu and Liu stated that
the basis of VIKOR is to determine the positive-ideal solu-
tion (the best alternative value) as well as the negative-ideal
solution (the worst alternative value) in the ﬁrst step [38].
Finally, the superiority of the plans is arranged based on
the closeness of the alternatives’ assessed values to the ideal
scheme. Thereby, the VIKOR method is popularly known
as multi-criteria decision-making method based on the
ideal point technique (multi-criteria optimization) [39].
Multi-criteria optimization is a methodology to deter-
mine the most eﬀective possible answer in keeping with
the established criteria. Practical problems are often char-
acterized by various non-commensurable and conﬂicting
criteria and there could also be an acceptable solution to
satisfy all criteria at one time. Therefore, the answer might
be a set of non-inferior solutions, or a compromise solution
in line with the decision maker’s preferences. The compro-
mise solution may be a possible answer that is the nearest
to the ideal, and compromise means an agreement estab-
lished by mutual concessions [40]. As shown in Fig. 5, Ec
is a feasible answer for a compatible solution and shows
the closest value to the ideal as E*.
There are several methods to evaluate MCDA such as
simple additive weighting (SAW), elimination and choice
translating reality (ELECTRE), analytic network process
(ANP), simple multi-attribute rating technique (SMART),
the technique for order of preference by similarity to the
ideal solution (TOPSIS), and multi-criteria optimization
and compromise solution (VIKOR). Generally, theFig. 4. Triangular membership function of fuzzy number.
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VIKOR and TOPSIS methods are used to optimize com-
plicated multi-criteria decision analysis (MCDA) systems.
A comparison of the VIKOR and TOPSIS methods reveals
that each employs diﬀerent aggregation functions and nor-
malization methods. The TOPSIS method is based on the
principle that the optimal point should be the closest to
the positive ideal solution (PIS) and the furthest from the
negative ideal solution (NIS). Therefore, this method is
suitable for the cautious (risk-averse) decision maker(s)
who might wish to reach a decision that not only yields
as much proﬁt as possible but also avoids as much risk
as possible. Additionally, computing the optimal point in
VIKOR is based on the particular measure of ‘‘closeness”
to the PIS. Therefore, it is suitable for situations in which
the decision maker wants maximum proﬁt and the risk of
the decision is less important. Assuming that each alterna-
tive (A1, A2, . . ., Ai) is evaluated according to the various
criterion functions (C1, C2, . . ., Cj), the ranking can be per-
formed by comparing the closest alternative to the ideal
solution [41].
In the VIKOR method that is chosen for this study, a
compatible ranking list, compatible solutions and weight
stability intervals for priority stabilization are determined
in compromise solutions. This method focuses on ranking
and selecting from the available choices [40]. In classical
MCDA methods, the criteria rankings are known precisely,
whereas in the real world, e.g., in uncertain environments,
it is unrealistic to assume that the knowledge and represen-
tation of a decision maker or expert is very precise. In such
situations, determining the exact attribute values is diﬃcult
or even impossible. Therefore, to describe and treat impre-
cise and uncertain elements present in a decision problem,
fuzzy and stochastic approaches are frequently used [42]. In
research works on fuzzy decision-making, fuzzy parameters
are assumed to be with known membership functions and
in stochastic decision-making, parameters are assumed to
have known probability distributions. Integrating fuzzy
AHP with the VIKOR model leads to determining the best
solution and providing precise results in multi-criteria
optimization.
In order to obtain a compatible index ranking in
MCDA, the Lp-metric, which is a collective function, is
used with a compatible programing technique [40,43]. Eij
is the value of the jth criterion function for alternative Ai;
and j is the number of criteria. Only Eij e [LEij, UEij] is
known, while Ej
+ shows the PIS and Ej
 shows NIS values
of criterion functions.
Lpi ¼
Xn
i¼1
ðEþj  EijÞ=ðEþj  Ej Þ
h ip( )1=p
1 6 p 61; j ¼ 1; 2; . . . ; J : ð4Þ
In the VIKOR technique, L1i (as Si) and L1i (as Ri) are
used to formulate ranking rates. The solutions obtained
from max Si show the ‘‘maximum group majority” and
the solutions obtained from min Ri demonstrate the ‘‘min-
imum individual regret” of the alternative.
The VIKOR ranking algorithm includes the following
steps:
1 – Determining the best Ej
+ (PIS) and worst Ej
 (NIS)
values of the criterion functions (j = 1, 2, . . ., n), which
are described as follows:
Eþj ¼ fðmax UEijjj 2 IÞ or ðmin LEijjj 2 JÞg ð5Þ
Ej ¼ fðmin LEijjj 2 IÞ or ðmaxUEijjj 2 JÞg ð6Þ
where I is associated with beneﬁt criteria, and J is associ-
ated with cost criteria.
2 – Calculating [LSi, USi] and [LRi, URi], with the equa-
tions below:
LSi ¼
Xn
j2I
wjðEþj  UEijÞ=ðEþj  Ej Þ
þ
Xn
j2J
wjðLEij  Eþj Þ=ðEj  Eþj Þ ð7Þ
USi ¼
Xn
j2I
wjðEþj  LEijÞ=ðEþj  Ej Þ
þ
Xn
j2J
wjðUEij  Eþj Þ=ðEj  Eþj Þ
LRi ¼ maxfwjðEþj  UEijÞ=ðEþj  Ej Þ
jj 2 I ; wjðLEij  Eþj Þ=ðEj  Eþj Þjj 2 Jg ð9Þ
URi ¼ maxfwjðEþj  LEijÞ=ðEþj  Ej Þ
jj 2 I ; wjðUEij  Eþj Þ=ðEj  Eþj Þjj 2 Jg ð10Þ
where wj represents the weight of the criteria and shows the
relative importance.
3 – Calculating Qi = [LQi, UQi] with following equation:
LQi ¼ vðLSiSþÞ=ðSSþÞþð1 vÞðLRiRþÞ=ðRRþÞ
ð11Þ
UQi¼ vðUSiSþÞ=ðSSþÞþð1 vÞðURiRþÞ=ðRRþÞ
ð12Þ
where:
S ¼ max USi; Sþ ¼ min LSi ð13Þ
R ¼ max URi; Rþ ¼ min LRi ð14Þ
Fig. 5. Ec closest value to the ideal solution E*.
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and v represents the strategy of ‘‘the majority of criteria”.
Suppose that [LQ1, UQ1] and [LQ2, UQ2] are two inter-
val numbers and we want to choose a minimum interval
number between them. These two interval numbers can
have four statuses:
(1) If the two interval numbers are the same, both have
the same priority.
(2) If these interval numbers have no intersection, the
minimum interval number is the one with the lowest
value. In other words, if UQ1 6 LQ2 then [LQ1,
UQ1] is selected as the minimum interval number.
(3) In situations where LQ1 6 LQ2 < UQ2 6 UQ1, the
minimum interval number is selected as follows: if a
(LQ2  LQ1)P (1  a) (UQ1  UQ2) then [LQ1,
UQ1] is the minimum interval number, otherwise
[LQ2, UQ2] is the minimum interval number.
(4) In situations where LQ1 < LQ2 < UQ1 < UQ2, if a
(LQ2  LQ1)P (1  a) (UQ2  UQ1) then [LQ1,
UQ1] is the minimum interval number, otherwise
[LQ2, UQ2] is the minimum interval number.
Here, a is introduced as the optimism level of the deci-
sion maker 0 < a 6 1. If a is closer to 1, the decision maker
is more optimistic. For a rational decision maker a is 0.5, in
which situation the comparison results obtained with the
introduced method are similar to the interval number com-
parison that has been made on the basis of interval number
means.
5. Case study
The case study was conducted on a pavement network
within the same particular region in the east of Tehran.
Farjam Ave. (shown with a blue marker), Delavaran Blvd.
(shown with a purple marker) and Hengam St. (shown with
a red marker) were chosen, as they have empirically higher
maintenance demand (Fig. 6).
For this research, a questionnaire was prepared as a poll
to be answered by 25 experts in pavement design and man-
agement. AHP was used to determine the relative weights
of the criteria, and interval numbers were used to assess
the performance of the criteria of each pavement alterna-
tive. Moreover, linguistic variables were applied by the par-
ticipants and scores of 0–100 were attributed to the
variables in order to reassess the membership functions.
The ﬁve notable criteria chosen by experts for this study
are pavement conditional index (PCI), operational time
(OP), operational cost (OC), traﬃc congestion (TC) and
pavement width (PW). The weights of the ﬁve eﬀective
Fig. 6. Situation of three alternatives in region 5 east of Tehran.
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criteria on pavement component prioritization were
obtained from an analytic hierarchy. The weights of the cri-
teria were: PCI (W1) = 0.394, Operation Time (W2)
= 0.196, Traﬃc Congestion (W3) = 0.195, Operation Cost
(W4) = 0.127 and Pavement Width (W5) = 0.088. The
weights generally indicate that experts were most con-
cerned with PCI followed by OP, and they were least con-
cerned with PW.
6. Result and discussion
This section explains how the proposed method can be
used. Suppose there are three alternatives (A1 = Farjam
Ave., A2 = Delavaran Blvd., A3 = Hengam St.) and ﬁve
criteria (C1 = PCI, C2 = OT, C3 = TC, C4 = OC,
C5 = PW). The decision matrix values are not precise and
the interval numbers serve to describe and treat the uncer-
tainty of the decision problem. The interval decision matrix
is shown in Table 1.
After determining the interval decision matrix, the deci-
sion maker(s) wishes to choose an alternative with mini-
mum PCI, OT and OC (cost criteria) and maximum TC
and PW (beneﬁt criteria). The PIS and NIS are computed
with (5) and (6) and presented in Table 2.
In the next step, [LSi, USi] and [LRi, URi] are computed
using (7)–(10). As mentioned before, the solutions obtained
from max Si represent the maximum group majority and
the solutions obtained from min Ri demonstrate the mini-
mum individual regret of the alternative. Then interval
Qi = [LQi, UQi] is computed using (11)–(14). v represents
the strategy of ‘‘the majority of criteria” and assumes 0.5
here. The results are presented in Table 3.
As mentioned earlier, VIKOR is based on the particular
measure of ‘‘closeness” to PIS, and the higher the value
(maximal interval), the more urgent the need to prioritize
maintenance and rehabilitation is. The decision maker
claims their optimism level is a = 0.5. By using the four-
step comparison of the interval results mentioned in the
previous section, Hengam St. is the closest to PIS followed
by Farjam Ave. and Delavaran Blvd., respectively. There-
fore, Delavaran Blvd., Farjam St. and Hengam St. are
ranked from ﬁrst to last in terms of priority of mainte-
nance. Other signiﬁcant ﬁndings from this research are:
 PCI is the most important criterion for experts, followed
by operational time, traﬃc congestion, operational cost
and pavement width.
 Fuzzy performance indicates satisfactory results for the
research problem, and the results outperform those of
statistical methods.
 These results are suggested for improving administra-
tors’ decision-making process, and pavement network
administrators can contribute to enhancing the quality
of their management by prioritizing experts’ criteria in
their future plans.
 This model can also be considered for evaluating which
segment of a speciﬁc network is a priority in terms of
maintenance, even among a network that is divided into
several segments. In the latter case, the indices should be
deﬁned carefully among all network segmentations.
 In airport pavement management, the proposed model
can be utilized by dividing a runway into several seg-
mentations to consider which part of the network
requires maintenance and rehabilitation. This will help
managers to eﬀectively allocate more of their budget
to impaired sections based on the conditions.
7. Conclusion
Due to shortfalls in annual budgets for pavement main-
tenance projects, decision makers unavoidably have to
select prioritized sections for optimal rehabilitation. In this
research, the alternatives were prioritized by considering
ﬁve important indices (criteria) that were chosen according
to experts’ judgment. In the real world, owing to uncertain
Table 1
Interval decision matrix.
PCI Operation time Traﬃc congestion Operation cost Pavement width
Farjam Ave. [25.00, 85.00] [25.00, 85.00] [33.33, 93.33] [30.00, 90.00] [28.33, 88.33]
Delavaran Blvd. [31.67, 91.67] [26.67, 86.67] [35.00, 95.00] [28.33, 88.33] [23.33, 83.33]
Hengam St. [23.33, 83.33] [28.33, 88.33] [31.67, 91.67] [35.00, 95.00] [25.00, 85.00]
Table 2
PIS and NIS of alternatives.
PCI Operation time Traﬃc congestion Operation cost Pavement width
Ej
+ 23.33 25.00 95.00 28.33 88.33
Ej
- 91.67 88.33 31.67 95.00 23.33
Table 3
S, R and Q interval numbers of alternatives.
[LSi, USi] [LRi, URi] [LQi, UQi]
Farjam Ave. [0.044, 0.930] [0.031, 0.356] [0.027, 0.939]
Delavaran Blvd. [0.065, 0.924] [0.048, 0.394] [0.061, 0.986]
Hengam St. [0.038, 0.950] [0.013, 0.346] [0.000, 0.937]
S+ = 0.038 R+ = 0.013
S = 0.950 R = 0.394
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environments, it is unrealistic to assume that the knowl-
edge and representation of a decision maker or expert
would be very precise. In such circumstances, determining
the exact attribute values is diﬃcult or impossible, so it is
better to choose an interval for each criterion. The weight
of each index (criterion) was determined using Fuzzy
AHP. After the main indices were weighted, the obtained
weights were placed in the VIKOR model and the prior
alternative was determined. The VIKOR method is popu-
larly known as multi-criteria decision-making method
based on the ideal point technique. It is suitable for situa-
tions in which the decision maker wants to achieve maxi-
mum proﬁt and the risk of the decision is less important.
In this case study, after comparing the index values of
the alternative priorities, Delavaran Blvd. was revealed to
have higher priority over other components in terms of
maintenance and rehabilitation activities on the pavement
network of District 4, Tehran Municipality. After this com-
ponent, Farjam Ave. and Hengam St. were in the next
places, respectively.
References
[1] D.M. Frangopol, M. Liu, Maintenance and management of civil
infrastructure based on condition, safety, optimization, and life-cycle
cost, Struct. Infrastruct. Eng. 3 (1) (2007) 29–41.
[2] P. Beria, I. Maltese, I. Mariotti, Comparing Cost Beneﬁt and Multi-
criteria Analysis: The Evaluation of Neighbourhood’s Sustainable
Mobility, University of Mesina, 2011.
[3] G. Walker, Environmental justice, impact assessment and the politics
of knowledge: the implications of assessing the social distribution of
environmental outcomes, Environ. Impact Assess. Rev. 30 (2010)
312–318.
[4] A. Tudela, N. Akiki, R. Cisternas, Comparing the output of cost
beneﬁt and multi-criteria analysis, Transp. Res. Part A Policy Pract.
40 (5) (2006) 414–423.
[5] M. Janic, Multicriteria evaluation of high-speed rail, transrapid
maglevand air passenger transport in Europe, Transp. Plan. Technol.
26 (6) (2003) 491–512.
[6] R. Gerbrandt, C.F. Berthelot, Life-cycle economic evaluation of
alternative road construction methods on low-volume roads, Transp.
Res. Rec. 1989 (1) (2007) 61–71.
[7] M.B. Barfod, K.B. Salling, S. Leleur, Composite decision support by
combining cost-beneﬁt and multi-criteria decision analysis, Decis.
Support Syst. 51 (1) (2011) 167–175.
[8] A. Gu¨hnemann, J.J. Laird, A.D. Pearman, Combining cost-beneﬁt
and multi-criteria analysis to prioritise a national road infrastructure
programme, Transp. Policy 23 (2012) 15–24.
[9] J.S. Chou, Web-based CBR system applied to early cost budgeting for
pavement maintenance project, Expert Syst. Appl. 36 (2) (2009) 2947–
2960.
[10] S. Terzi, Modeling the pavement serviceability ratio of ﬂexible
highway pavements by artiﬁcial neural networks, Constr. Build.
Mater. 21 (3) (2007) 590–593.
[11] J.J. Ortiz-Garcia, S.B. Costello, M.S. Snaith, Derivation of transition
probability matrices for pavement deterioration modeling, in: J.
Transp. Eng. ASCE 132 (2) (2006) 141–161.
[12] D. Moazami, H. Behbahani, R. Muniandy, Pavement rehabilitation
and maintenance prioritization of urban roads using fuzzy logic,
Expert Syst. Appl. 30 (10) (2011) 12869–12879.
[13] N. Ismail, A. Ismail, R. Atiq, An overview of expert systems in
pavement management, Eur. J. Sci. Res. 30 (1) (2009) 99–111.
[14] Ch.W. Su, M.Y. Cheng, F.B. Lin, Simulation-enhanced approach for
ranking major transport projects, J. Civ. Eng. Manage. 12 (4) (2006)
285–291.
[15] E.K. Zavadskas, R. Liias, Z. Turskis, Multi-attribute decision-
making methods for assessment of quality in bridges and road
construction: state-of-the-art surveys, Baltic J. Road Bridge Eng. 3 (3)
(2008) 152–160.
[16] J. Farhan, T.F. Fwa, Pavement maintenance prioritization using
analytic hierarchy process, Transp. Res. Rec. 2093 (1) (2009) 12–24.
[17] D. Moazami, R. Muniandy, Fuzzy inference and multi-criteria
decision-making applications in pavement rehabilitation prioritiza-
tion, Aust. J. Basic Appl. Sci. 4 (10) (2010) 4740–4748.
[18] T.L. Saaty, L.G. Vargas, Models, Methods, Concepts & Applications
of the Analytic Hierarchy Process, vol. 175, Springer Science &
Business Media, 2012.
[19] T.L. Saaty, How to make a decision: the analytic hierarchy process,
Interfaces J. 24 (6) (1994) 19–43.
[20] A. Aavik, Estonian road network and road management, Baltic J.
Road Bridge Eng. I (1) (2006) 39–44.
[21] Y. Wang, D. Allen, Staged survival models for overlay performance
prediction, Int. J. Pavement Eng. 9 (1) (2007) 33–44.
[22] D. Cˇygas, A. Laurinavicˇius, A. Vaitkus, Z. Perveneckas, A.
Motiejunas, Research of asphalt pavement structures on Lithuanian
roads (I), Baltic J. Road Bridge Eng. 3 (2) (2008) 77–83.
[23] B.R. Pantha, R. Yatabe, N.P. Bhandary, GIS-based highway
maintenance prioritization model: an integrated approach for high-
way maintenance in Nepal mountains, J. Transp. Geogr. 18 (3) (2010)
426–433.
[24] E. Gallego, M. Moya, M. Pinie´s, F. Ayuga, Valuation of low volume
roads in Spain. Part 2. Methodology validation, Biosyst. Eng. 101 (1)
(2008) 135–142.
[25] D. Kaur, H. Pulugurta, Fuzzy decision tree based approach to predict
the type of pavement repair, The 7th WSEAS International Confer-
ence on Applied Informatics and Communications (AIC’07), Vou-
liagmeni Beach, Athens, Greece, 2007, pp. 1–6.
[26] R.G. Mishalani, L.Y. Gong, Optimal infrastructure condition sam-
pling over space and time for maintenance decision-making under
uncertainty, Transp. Res. Part B Methodol. 43 (3) (2009) 311–324.
[27] K.J. Feighan, M.Y. Shahin, K.C. Sinha, T.D. White, A prioritization
scheme for the Micro PAVER pavement management system,
Transp. Res. Rec. 1215 (1989) 89–100.
[28] D. Moazami, R. Muniandy, H. Hamid, Z. Md. Yusoﬀ, Developing a
comprehensive pavement management system in Tehran, Iran using
MicroPAVER, Electron. J. Geotech. Eng. 15 (P) (2010) 1782–1792.
[29] T.L. Saaty, A scaling method for priorities in hierarchical structures,
J. Math. Psychol. 15 (1977) 59–62.
[30] R.E. Bellman, A.L. Zadeh, Decision-making in a fuzzy environment,
in: Manage. Sci. 17 (4) (1970) B-141–B-164.
[31] A.C.M. Chang, P.E. Krugler, R.E. Smith, A knowledge approach
oriented to improved strategic decisions in pavement management
practices, The 1st Annual Inter-university Symposium on Infrastruc-
ture Management (AISIM), University of Waterloo, Ontario,
Canada, 2005.
[32] I. Chamodrakas, D. Batis, D. Martakos, Supplier selection in
electronic marketplaces using satisﬁcing and fuzzy AHP, Expert Syst.
Appl. 37 (1) (2010) 490–498.
[33] N.S. Arunraj, J. Maiti, Risk-based maintenance policy selection using
AHP and goal programming, Saf. Sci. 48 (2) (2010) 238–247.
[34] R. Joshi, D.K. Banwet, R. Shankar, A Delphi-AHP-TOPSIS based
benchmarking framework for performance improvement of a cold
chain, Expert Syst. Appl. 38 (8) (2011) 10170–10182.
[35] A. Turan, A hybrid model of fuzzy and AHP for handling public
assessments on transportation projects, Transportation 36 (1) (2009)
97–112.
[36] D. Dubois, H. Prade, Operations on fuzzy numbers, Int. J. Syst. Sci. 9
(6) (1978) 613–626.
P. Babashamsi et al. / International Journal of Pavement Research and Technology 9 (2016) 112–120 119
[37] S. Opricovic, G.H. Tzeng, Compromise solution by MCDMmethods:
a comparative analysis of VIKOR and TOPSIS, Eur. J. Oper. Res.
156 (2) (2004) 445–455.
[38] M. Wu, Z.J. Liu, The supplier selection application based on two
methods: VIKOR algorithm with entropy method and Fuzzy TOPSIS
with vague sets method, Int. J. Manage. Sci. Eng. Manage. 6 (2)
(2011) 936–946.
[39] S. Opricovic, G.H. Tzeng, Extended vikor method in comparison
with outranking methods, Eur. J. Oper. Res. 178 (2) (2007) 514–529.
[40] M.K. Sayadi, M. Heydari, K. Shahanaghi, Extension of VIKOR
method for decision making problem with interval numbers, Appl.
Math. Model. 33 (5) (2009) 2257–2262.
[41] F. Russo, A. Vitetta, A topological method to choose optimal
solutions after solving the multi-criteria urban road network design
problem, Transportation 33 (4) (2006) 347–370.
[42] Gu-Tea Yeo, Dong-Wook Song, An application of the hierarchical
fuzzy process to container port competition: policy and strategic
implications, Transportation 33 (4) (2006) 409–422.
[43] S.J. Chen, C.L. Hwang, Fuzzy Multiple Attribute Decision Making:
Methods and Applications, Springer-Verlag, Berlin, 1992.
120 P. Babashamsi et al. / International Journal of Pavement Research and Technology 9 (2016) 112–120
